Mature skim milk cultures of Streptococcus lactis var. maltigenes were steam distilled at low temperature under reduced pressure. Ethyl ether extracts were prepared from the distillates and analyzed by gas-liquid chromatography and mass spectrometry. Twenty of 31 components detected in the culture distillates were identified positively and 11 tentatively, whereas 10 of 19 components detected in the heated skim milk control were identified positively and 9 tentatively. Among components detected in the culture distillate, but not detected in the heated skim milk distillate, and which have not been previously identified in milk cultures of the organism were phenylacetaldehyde and phenethanol. Quantitative analyses of the volatiles entrained from milk cultures of several strains of S. lactis var. maltigenes revealed a probable relationship between variation in the character of the aroma of the cultures and the alcohol/aldehyde ratio.
The conversion of leucine to 3-methylbutanal by Streptococcus lactis var. maltigenes was first implicated as being primarily responsible for the malty flavor and aroma produced in milk cultures (2) . Later work revealed that the organism possesses transaminase and decarboxylase systems which mediate the conversion of several amino acids to the corresponding aldehydes (4, 5, 10) . These observations along with more recent analyses of culture volatiles (6) suggest that the malty character may be an expression of several components in addition to that of 3-methylbutanal. The present investigation provides further information concerning the flavor and aroma produced in milk by S. lactis var. maltigenes.
MATERIALS AND METHODS
Cultures of strains of S. lactis var. maltigenes from the collection described by Gordon et al. (1) designated Ml, RM2, M3, and P25 were maintained in sterile reconstituted antiobiotic-free nonfat dry milk medium. Transfers were made every third day by using 1% inoculum. Cultures were incubated at 30 C until coagulation occurred (18 to 20 hr) and were then stored at 2 C. Culture for distillation was prepared in 37. 8 RESULTS AND DISCUSSION In the summary of the volatiles identified in the extracts of the distillates from the malty culture and the heated skim milk (Table 1) , it will be noted that certain aldehydes, alcohols, and esters were detected only in the extract obtained from the culture distillate. Along with 2-methylpropanal, 2-methylpropanol, 3-methylbutanal, and 3-methylbutanol, all of which have been previously detected in milk cultures of this organism (8), phenylacetaldehyde, phenethanol, and several simple esters were detected. Since the conversion of several amino acids including phenylalanine to the corresponding aldehydes by resting cells of the organism has been demonstrated (6) and since a phenylacetaldehyde-like note is occasionally detected in the aroma of malty cultures, the detection of phenylacetaldehyde in a vacuum distillate of the culture employed in this study was not unexpected. The alcohols present in the culture distillate undoubtedly resulted from a reduction The subjective evaluation of the aroma over 24-hr-old skim milk cultures of four strains of S. lactis var. maltigenes is shown in Table 2 . Although each of these strains produced titratable acidities in excess of 0.6% expressed as lactic acid and possess an active a-keto acid decarboxylase system (Table 3) , they represent extremes in respect to these criteria (1), i.e., strains Ml and RM2 produced a more pronounced malty aroma and attained an appreciably higher titratable acidity than did M3 and P25.
The quantitative analyses of the volatile compounds entrained from the mature skim milk cultures as determined by GLC are shown in Table 3 . Variation in the quantities detected are apparent and appear to be related to the flavor and aroma of the cultures. Since the average flavor threshold of the aldehydes is much lower than that of the corresponding alcohols (Table 4) , it appears that the decreasing intensity of the aroma observed in cultures RM2, Ml, and M3, respectively, is due to increases in the alcohol/aldehyde ratios (ethanol/acetaldehyde, 2-methylpropanol/2-methylpropanal, 3-methylbutanol/3-methylbutanal). This loss of intensity in flavor and aroma is undoubtedly related to an aldehyde to alcohol conversion as exemplified by the relatively weak aroma of strain M3. Strain Ml had a moderately intense but smooth aroma which would be indicative of a balance between the alcohols and aldehydes. The aroma of strain RM2 possessed a harshness which suggested a high aldehyde content or a low alcohol/aldehyde ratio. Although strain P25 produced a relatively large amount of acetaldehyde, it produced only traces of 2-methylpropanal and 3-methylbutanal. Despite the low conversion of aldehydes to alcohols, the aroma of the culture possessed but little malty character. Qualitatively and quantitatively, the volatiles entrained from this culture resemble those from a number of other weakly malty or SHELDON ET AL. nonmalty cultures of S. lactis examined previously (8) .
Threshold values of the authentic compounds (Table 4) indicate that all of the compounds (except ethanol and acetone) detected by GLC in the volatiles entrained from the cultures are probably essential to the characteristic aroma developed in mature cultures. This does not contradict the earlier hypothesis that 3-methylbutanal is the primary odor constituent in immature cultures of S. lactis var. maltigenes (2) or the early stages of the malty defect as might be detected in producer samples of raw milk (6) . The parameters employed in the GLC analyses of the volatiles entrained from the culture did not permit detection of higher boiling compounds such as phenylacetaldehyde and phenethanol. These compounds undoubtedly contribute to the flavor and aroma of cultures of the organism, especially in view of their low flavor threshold in water and skim milk (Table 4) .
To evaluate further the flavor character of the compounds in the GLC analyses of entrained culture volatiles, a synthetic flavor formulation was prepared by using the quantitative data for the MI 
